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(57) A metering valve for the delivery of pasty medi- 
ums consists essentially of a valve housing (2) with an 
inlet opening (3) and an outlet opening (4) and of a flow 
restrictor (5, 15) movably arranged in the valve housing 
(2). The flow restrictor (5, 15) is provided with one or 
more holes (6, 7, 16, 17) for forming a connection (V) 
between the inlet opening (3) and the outlet opening (4). 
The hole (6) can be intermittently placed between the 
inlet opening (3) and the outlet opening (4), so that the 
effective cross-section between the inlet opening (3) 
and the outlet opening (4) is reduced. 
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Description 

The invention relates to a metering valve and a method for metering preferably pasty mediums having those fea- 
tures of the preamble of the independent patent claims. 

5 Many different types of valves are employed for the metered delivery of fluids. Differing requirements must be ful- 

filled, depending on the field of application and the type of medium to be delivered. Above all it is important that on the 
one hand, a large discharge of the medium to be delivered is possible, and on the other hand, on reaching the desired 
amount, the discharge amount can be so heavily reduced that an exact metering is possible. Above all, with pasty medi- 
ums it is difficult to meet both these conditions together. 

w For example, in GB-A-2139322 a lifting valve is known with which the discharge rate may be reduced by an oscil- 

lating movement of the valve lifter. The valve according to GB-A-2139322 however is not at all suitable when applied for 
metering pasty mediums. The path between the valve entry and the valve exit is heavily curved and the valve chamber 
comprises large hollow cavities. This geometry has a negative effect on the flow behaviour of pasty mediums and 
makes the exact metering difficult. 

15 In particular, with delivery of mediums which do not keep for too long a time such as for example printing inks, it 

must be avoided that the medium, on account of its high viscosity, gets stuck in the hollow cavities and does not flow 
away by itself. 

It is the object of the present invention to avoid the known disadvantages, thus in particular to provide a metering 
valve and a method for the delivery of preferably pasty mediums, which with high maximum discharge rates, permits a 

20 precise metering, even of small quantities. A further object of the invention lies in providing a metering valve and a 
method for the metered delivery of mediums, with which the preferably pasty mediums have a small period of stay in 
the valve and do not get stuck in dead spaces. A further object of the invention consists of providing a metering valve 
and a method tor the metered delivery of mediums, which can be manufactured or carried out simply and economically 
and whose valve comprises as little as possible moving parts and which may be simply cleaned. 

25 According to the invention these objects are achieved with a metering valve and with a method having those fea- 

tures of the characterising part of the independent claims. 

A metering valve for the delivery of preferably pasty mediums comprises essentially a valve housing and a flow 
restrictor. The valve housing is provided with an inlet opening and an outlet opening. The inlet opening is for example 
connected to a storage container of the medium and the outlet opening may open into a smaller container. The valve 

30 according to the invention may be applied particularly well in an arrangement for mixing different fluids, with which each 
fluid is delivered in a metered manner into a common container by way of a valve. One advantageous purpose of appli- 
cation may be the manufacture of printing ink from various base colours. The flow restrictor is movably arranged in the 
valve housing between the inlet and outlet opening. The flow restrictor is also provided with at least one hole for forming 
a connection between the inlet opening and the outlet opening. For opening the valve, the flow restrictor may be moved 

35 into a position in which the hole connects the inlet opening to the outlet opening. For closing the valve, the flow restrictor 
is moved away from this position so that the inlet opening is in connection with the surface of the flow restrictor and there 
is no connection between the inlet opening and the outlet opening. 

According to the idea of the invention, the hole may be intermittently positioned between the inlet opening and the 
outlet opening. This means that the connection between the inlet opening and the outlet opening exists only for a while. 

40 When the hole oscillates between a closed position and a completely opened position, thus intermittently positioned 
between the inlet and outlet opening, the flow of the medium is reduced per unit of time. The hole of the oscillating flow 
restrictor then comprises an effective cross-section which is smaller than the geometric cross-section which determines 
the flow quantity with a static flow restrictor. The quicker the flow restrictor oscillates, the smaller becomes the discharge 
quantity. At the same time, the tougher/more viscous the medium is, the smaller becomes the discharge quantity with 

45 an oscillating flow restrictor. The new metering valve or the method for delivery of a medium is thus particularly suitable 
when applied in connection with pasty or higher viscous mediums. 

The valve according to the invention can be particularly well applied when there is a high pressure drop between 
the inlet opening and the outlet opening, for example when a vaccuum is applied in the region of the outlet opening. 
With such arrangements, the medium is sucked through the hole, whereby the suction effect is only effective with an 

so oscillating flow restrictor in given time intervals. 

In a particularly advantageous embodiment the metering valve is provided with a flow restrictor which comprises 
two holes. A first hole has a larger cross-section than the second hole. Such an arrangement makes possible an even 
more exact metering, i.e. a yet further difference between the minimum and maximum discharge quantity. In a first 
metering phase, the first hole, and in a second metering phase, the second hole may be positioned between the inlet 

55 opening and the outlet opening. The first and second hole can again each be intermittently positioned between the inlet 
opening and the outlet opening. 

In the first metering phase, the connection between the inlet opening and the oulet opening is made by way of the 
first hole in the non-moving flow restrictor. The whole cross-section of the first hole may therefore be used for the trans- 
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port of material. In a second part of the first metering phase, the effective cross-section of the first hole is reduced by 
oscillation of the flow restrictor. Since with an increasing frequency, the metering accuracy may be reduced and a high 
oscillation frequency may lead to mechanically complicated valves, limits are placed on the minimal discharge quantity 
through the first hole also in the oscillating mode. As soon as these limits are achieved, the flow restrictor is moved into 
5 a position in which the second hole lies between the inlet opening and the outlet opening. The effective cross-section 
of the second hole may likewise be reduced by oscillation of the flow restrictor. 

The oscillation of the flow restrictor is a pendulous movement of the flow restrictor. The position of the flow restric- 
tor, in which the first hole (or the second hole) is positioned between the inlet opening and the outlet opening, defines 
the zero point of the pendulous movement. The maximum amplitudes of the pendulous movement are so chosen that 
10 the second hole (or the first hole) does not come into discharge contact with the inlet or the outlet opening. 

In an advantageous embodiment, the flow restrictor is formed as a spherical body which is rotatably mounted about 
a rotational axis in the valve housing. The oscillation of the flow restrictor in this case consists of a rotational movement 
with a certain rotational angle as the maximum deviation. In this case both holes advantageously run perpendicularly 
to the rotational axis and are arranged at a distance to one another. The distance between both holes must be chosen 
75 so that the holes are formed as channels which are closed per se and which are not connected to one another. The 
holes are advantageously arranged twisted to one another about an angle of 60° to 65°. 

It is however also conceivable, instead of a spherical body, to use a body which is mounted linearly displaceable in 
the valve body, preferably a cylinder. The cylinder in this case comprises one or more holes running perpendicularly to 
the direction of displacement. In the case of several holes, these holes are arranged parallel to one another at a dis- 
20 tance. 

An advantageously large range of discharge quantities may be achieved when the cross-section of the first hole is 
10 to 15%, preferably 14% of that of the second hole. 

It is of course also conceivable to use, instead of a ball, a rotatably mounted cylinder or another flow restrictor which 
is symmetric to an axis. 

25 In the method, according to the invention, for the metered delivery of preferably pasty mediums, a metering valve 

as previously described is employed. In a first static metering phase, a first hole of the flow restrictor of the valve is posi- 
tioned between the inlet opening and the outlet opening of the valve. In this connection, static is to be understood in that 
during the first phase, the position of the hole remains unchanged in relation to the inlet and outlet opening. In a second 
dynamic metering phase, the hole is positioned intermittently between the inlet and outlet opening. In this connection, 

30 dynamic is to be understood in that the hole is moved to and fro between a position in which it is not connected to the 
inlet and outlet opening, and a position in which the hole is connected to the outlet opening and the inlet opening. Due 
to this intermittent movement, the connection, made by the hole, between the inlet opening and the outlet opening 
exists only in certain time intervals. The actual effective cross-section of the hole is thus reduced in comparison to the 
geometric cross-section. Effective cross-section it is to be understood as that cross-section which given the same 

35 peripheral conditions (equal pressures, equal viscosities, temperatures) with a static connection would lead to the same 
flow rates. The ratio between the effective cross-section and the effective geometric cross-section corresponds roughly 
to the portion of time during which the hole forms a connection between the inlet opening and the outlet opening. The 
exact effective cross-section may however not be exactly calculated since on the one hand the bore in the intermediate 
phases is only partly connected to the inlet or outlet openings and because the inertia of the highly viscous mediums 

40 must be taken into account. 

In a particularly advantageous method, the metering is carried out in essentially four metering phases. In a first 
metering phase a maximum flow of the medium is led through the metering valve. The first metering phase serves the 
quick filling up of a container up to the point in time when the container is to a large extent filled, for example about 90%. 
During the first, static metering phase, a first hole forms a permanent connection between the inlet opening and the out- 

45 let opening. In a dynamic metering phase, the first hole, as previously described, is intermittently positioned between 
the inlet opening and the outlet opening. In this way the effective cross-section in the dynamic metering phase is 
reduced in comparison to the first static metering phase. The hole is positioned during the first static and the first 
dynamic metering phase. After the end of the first dynamic metering phase the second hole with a smaller cross-section 
is applied. In a second static metering phase the second hole forms a firm connection between the inlet opening and 

so the outlet opening. The effective cross-section corresponds to the geometric cross-section of the second hole. The 
cross-section of the second hole is smaller than the effective cross-section of the first hole at the end of the first dynamic 
metering phase. After completion of the second static metering phase the effective cross-section of the second hole in 
a second dynamic metering phase is further reduced. 

For the continuous reduction of the discharge, the oscillation frequency in the dynamic phases during the course 

55 of the whole phase is not always the same amount. Advantageously, the oscillation at the beginning of the dynamic 
phases is roughly 0,5 to 0,3 . preferably 0,4 Hz and at the end of the dynamic phase 0.2 to 0,4, preferably 0,2 Hz. 

In a further advantageous embodiment example, it is also conceivable to pause the flow restrictor for a given time 
at the point of maximum amplitude. Maximum amplitude is to be understood as that position in which the direction of 
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movement of the flow restrictor changes - i.e. that position in which the hole is furthest from the zero position. Zero posi- 
tion is to be understood as that position in which the hole is positioned between the inlet opening and the outlet opening. 

The time during which the flow restrictor is stopped at the point of maximum amplitude is r at the beginning of the 
dynamic phases 0 to 3 sec and at the end of the dynamic phases 0 to 5 sec. 
5 With the method according to the invention, which permits different metering quantities in four metering phases, 

typically, exactly metered material flows of 100 cm3/sec to 0,5 cm3/sec may be achieved. 

It is of course also conceivable to extend this range by using more than two holes with a differing cross-section, for 
example three or more holes. The metering procedure is accordingly divided into a larger number of static and dynamic 
metering phases. 

io The invention is hereinafter described in more detail by way of embodiment examples and the drawings. There are 
shown: 

Figure 1 the schematic representation of a cross-section through the metering valve according to the inven- 

tion in a static condition, v 

15 

Figure 2 the metering valve of Figure 1 in a dynamic condition, 

Figure 3 an alternative embodiment of a metering valve according to the invention, 

. 20 Figures 4a to 4e a metering valve according to the invention with two holes in different metering phases, 

Figure 5 a cross-section of the metering valve according to Figure 4a in the plane A-A. 

Figure 1 schematically shows, in cross-section, a metering valve 1 according to the invention. The metering valve 
25 1 consists essentially of a valve housing 2 and a flow restrictor 5. The flow restrictor 5 is positioned between an inlet 
opening 3 and an outlet opening 4 of the valve housing 2. The flow restrictor 5 is rotatably mounted about an axis 10 in 
the housing 2. The flow restrictor 5 is provided with a hole 6 which with a corresponding rotation of the flow restrictor 5 
is positioned between the inlet opening 3 and the outlet opening 4. In the situation represented in Figure 1 , the flow 
restrictor is located in a static metering phase I, in which a uniform connection V is formed between the inlet opening 3 
30 and the outlet opening 4. A medium M contained in a supply opening 21 may be metered through the connection V into 
a container 22. 

Figure 2 shows the metering valve according to the invention in a dynamic metering phase It. The flow restrictor 5 
is in an oscillating rotational movement about the rotational axis 10. The hole 6 of the flow restrictor 5 moves about a 
zero position N between two positions with a maximum amplitude A. The positions with a maximum amplitude A define 

35 that position in which the hole 6 has a maximum distance from the zero position N. Zero position N is the one position 
in which the hole 6 forms a connection between the inlet opening 3 and the outlet opening 4. The maximum deviation 
of the hole is 90°, measured from the zero position. This angle p is dependent particularly on the size of the inlet open- 
ing 3 and the outlet opening 4 as well as the cross-section of the hole 6. Generally the maximum deviation angle is cho- 
sen such that in the position of maximum amplitude A, the hole 6 is completely closed by the inner surface 1 1 of the 

40 housing 2, so that no passage of the medium from the inlet opening 3 to the outlet opening 4 is possible. The cross- 
section <t>| of the hole 6, available for the discharge of the medium M, corresponds in Figure 1 to the geometric cross- 
section of the hole 6. In the situation shown in Figure 2, the effective cross-section <I> M which is available, is smaller than 
the geometric cross-section of the hole 6. 

Figure 3 shows an alternative embodiment of a metering valve according to the invention. As a flow restrictor, a dis- 

45 placeable cylinder 15 is arranged in the valve housing 2. The cylinder comprises a hole 16 which in a static metering 
phase I connects the inlet opening 3 to the outlet opening 4. In a dynamic metering phase II, the hole 16 oscillates 
between two positions of a maximum distance (in Figure 3 shown dashed). 

Figures 4a to 4e show a metering valve 1 according to the invention having two holes 6, 7, in situations of different 
discharge quantities. In Figure 4a a maximum discharge quantity is achieved and in Figure 4e the valve is dosed. 

so In the situation shown in Figure 4a, the flow restrictor 5 in the housing 2 of a valve 1 is in a first static metering 

phase I. The flow restrictor 5 connects the inlet opening 3 to the outlet opening 4 in a connection V. The effective cross- 
section of the hole 6 for the discharge of material from the inlet opening 3 to the outlet opening 4 is 3>|. For reducing the 
discharge quantity, the flow restrictor 5 is displaced, in a first dynamic metering phase II, in an oscillating motion about 
a rotational axis 10 (see Figure 4b). The hole 6 moves to and fro between two positions A of maximum amplitude at 

55 which the hole 6 is covered by the inner surface 1 1 of the valve housing 2. At the beginning of this dynamic metering 
phase II, the oscillating frequency is 0 Hz. During this first dynamic metering phase the oscillating frequency is contin- 
uously increased until at the end it is 0,2 Hz. Due to the oscillation, the effective cross-section <t> n at the end of the first 
dynamic metering phase is 20 % of the geometric cross-section of the hole 6. 



4 



BNSDOCID: <EP 0886092A1. I_> 



EP 0 886 092 A1 

The flow restrictor 5 of the embodiment shown in Figure 4a to Figure 4e is also provided with a second hole 7. The 
cross-section <E>|„ of the second hole is smaller than the cross-section <3>, of the first hole 6. In the second static metering 
phase III shown in Figure 4c, the second hole 7 is positioned as a connection between the inlet opening 3 and the outlet 
opening 4. For this, the flow restrictor 5 must be correspondingly rotated about the rotational axis 10. In the second 

5 static metering phase III shown in Figure 4c, the effective cross-section for the passage of the medium corresponds to 
the geometric cross-section <a> M , of the hole 7. 

The first hole 6 and the second hole 7 are both arranged perpendicularly to the rotational axis 10 but mutually at a 
distance to one another. Both holes are furthermore twisted about an angle a to one another. The mutual distance must 
be chosen such that both the holes 6, 7 are closed per se and that there is no connection to one another. The angle a 

10 must be chosen such that in each case, only either the first hole 6 or the second hole 7 permits a connection between 
the inlet opening 3 and the outlet opening 4. 

In Figure 4d the metering valve 1 according to the invention is shown in a second dynamic metering phase. The 
flow restrictor 5 oscillates such that the second hole 7 moves to and fro between two positions of a maximum amplitude 
A. The oscillating movement leads to an effective cross-section q>, v which is smaller than the geometric cross-section 

15 <P m of the second hole 7. By continuously increasing the oscillating frequency during the second dynamic metering pro- 
cedure IV, the discharge quantity for the medium between the inlet opening 3 and the outlet opening 4 can be continu- 
ously reduced. 

Figure 4e shows the metering valve 1 according to the invention in the closed position. The inlet opening 3 is com- 
pletely separated from the outlet opening 4. The flow restrictor 5 is, in comparison to the previously described positions, 
20 rotated about the rotational axis 13 such that none of the openings 6, 7 are in connection with the inlet or outlet opening. 

In the sequence shown from Figure 4a to Figure 4e, the discharge for the medium M is continuously reduced. The 
discharge at the end of the second dynamic metering phase IV is only -15% of the discharge shown in Figure 4a. 
These values are achieved with a metering valve having the following dimensions: 

< 

25 





cross-section of the first hole: 


132 mm2 




cross-section of the second hole: 


20 mm2 


30 


angle between both holes: 


63° 




length of the holes: 


5 cm 




cross-section of the inlet opening/and the outlet opening: 


19,5/1,75 cm2 


35 


minimum oscillating frequency at the beginning of the first dynamic metering phase: 


0,2 




maximum oscillating frequency at the end of the first dynamic metering phase: 


0,4 




minimum oscillating frequency at the beginning of the second dynamic metering phase: 


0,2 




maximum oscillating frequency at the end of the second dynamic metering phase: 


0,4 


40 


viscosity of the applied medium: 


~ 8 Pa -sat 40°C 



Other geometries or other fluid mediums require, where appropriate, adaptations of the geometry or of the oscillat- 
ing frequencies for achieving equivalent results. The appropriate values may be determined empirically. 

45 Figure 5 shows a cross-section taken along plane A-A through the metering valve 1 according to the invention, in 

the position shown in Figure 4a. As can be deduced from Figure 5, both holes 6. 7 are arranged at a distance d from 
one another, so that the holes 6, 7 do not make contact. In the situation shown in Figure 5, the first hole 6 is in connec- 
tion with the inlet opening and the schematically represented outlet opening 4. The second hole 7 lies about an angle 
twisted to the first hole 6 and is not in connection with the inlet opening or the outlet opening. In the valve housing 2, 

so the flow restrictor 5 is rotatably mounted about a rotational axis 10. The rotation is produced by a schematically repre- 
sented drive 20. The drive 20 produces an oscillating movement of the flow restrictor 5. The drive 20 allows an oscillat- 
ing movement about a zero point N defined by the large hole 6 and the small hole 7. Furthermore the drive 20 permits 
a non-oscillatory rotation of the flow restrictor 5 between the individual situations represented in Figures 4a to 4e. 
The drive 20 may furthermore cooperate with a measuring arrangement in the container 22 shown in Figure 1 . The 

55 measuring arrangement 23, which is shown only schematically, measures the level of the medium M in the container 
22 and regulates the drive 20. On reaching a certain level, the discharge quantity through the metering valve 1 is 
reduced on operation of the drive 20 in each case. 
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1 . A metering valve (1 ) for the delivery of preferably pasty mediums (M), 



10 



15 



having a valve housing (2) with an inlet opening (3) and an outlet opening (4) and with a flow restrictor (5, 15) 
movably arranged between the inlet opening (3) and the outlet opening (4), 

characterised in that the flow restrictor (5, 1 5) is provided with at least one hole (6, 7,16,1 7) for forming a con- 
nection (V) between the inlet opening (3) and the outlet opening (4), wherein the hole (6, 7) can be intermit- 
tently placed between the inlet opening (3) and the outlet opening (4). 

A metering valve according to claim 1 , characterised in that the flow restrictor (5. 1 5) comprises two holes (6, 7, 1 6, 
17), wherein a first hole (6) comprises a larger cross-section (<t>t) than the second hole (7), and wherein in a first 
metering phase (I, II) the first hole (6), and in a second metering phase (III, IV) the second hole (7) can be placed 
between the inlet opening (3) and the outlet opening (4). 

3. A metering valve according to claim 2, characterised in that the flow restrictor is a spherical body (5) which is rotat- 
ably mounted about a rotational axis (10) in the valve housing (2). 

4. A metering valve according to claim 3, characterised in that the holes (6, 7) are arranged at a distance to one 
20 another and run perpendicularly to the rotational axis (10), and that the holes (6, 7) are arranged twisted to one 

another about an angle (a) of 60° to 65°. 

5. A metering valve according to claim 2, characterised in that the flow restrictor is a body displaceably mounted in 
the valve housing (2), preferably a cylinder (15), which comprises two holes (16, 17) arranged at a distance and 

25 parallel to one another 

6. A metering valve according to one of claims 1 to 5, characterised in that the cross-section (<1>|) of the first hole (6) 
is 10% to 15%, preferably 14% of the cross-section (<J> m ) of the second hole. 

30 7. A method for the metered delivery of preferably pasty mediums (M) with a metering valve (1) having a valve housing 
(2) with an inlet opening (3) and an outlet opening (4) and with a flow restrictor (5, 15) movably arranged between 
the inlet opening (3) and the outlet opening (4) and provided with at least one hole (6.) for forming a connection (V) 
between the inlet opening (3) and the outlet opening (4), 

35 characterised in that in a static metering phase (I), the hole (6) is positioned between the inlet opening (3) and 

the outlet opening (4), and that in a dynamic metering phase (II), the hole (6) is intermittently placed between 
the inlet opening (3) and the outlet opening (4), wherein an effective cross-section (4> M ), reduced with respect 
to the cross-section (<!>,) of the hole (6), is produced. 

40 8. A method according to claim 7, with a metering valve (1 ) having a flow restrictor (5, 1 5) with two holes (6, 7, 1 6, 1 7), 
wherein a first hole (6) comprises a larger cross-section (O,) than a second hole (7), characterised in that subse- 
quent to the first dynamic metering phase (II), the second hole (7) in a second static metering phase (III) is placed 
between the inlet opening (3) and the outlet opening (4), and that after the second static metering phase (III) the 
second hole (7) in a second dynamic metering phase (IV) is intermittently placed between the inlet opening (3) and 

45 the outlet opening (4), wherin with respect to the cross-section (<t> )( ) of the hole (7), a reduced effective cross-sec- 
tion (<J>| V ) is produced. 

9. A method according to one of claims 7 or 8, characterised in that the flow restrictor (5) oscillates with a frequency 
of 0,5 Hz at the beginning of the dynamic phase (II, IV) to 0,2 Hz at the end of the dynamic phase (II, IV). 

50 

1 0. A method according to claim 9, characterised in that the flow restrictor (5) is kept at the point of maximum amplitude 
(A) during 0 to 5 sec at the end of the dynamic metering phase. 

11. The use of a valve arrangement intermittently and oscillatory movable from a closed position into a passage posi- 
55 tion for metering a pasty medium. 

1 2. The use according to claim 1 1 , in which the oscillating frequency may be change for controlling the discharge quan- 
tity. 
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Fig. 5 
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